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Lopinavir (LPV) exposure is reduced during the third trimester of pregnancy. We report the pharmacoki-
netics of standard LPV-ritonavir dosing (400/100 mg twice daily) in the immediate and early postpartum period
when initiated during labor. In 16 human immunodeficiency virus-infected Thai women, the median (range)
LPV area under the concentration-time curve and maximum and minimum concentrations in plasma were 99.7
(66.1 to 180.5) �g�h/ml, 11.2 (8.0 to 17.5) �g/ml, and 4.6 (1.7 to 12.5) �g/ml, respectively, at 41 (12 to 74) h after
delivery. All of the women attained adequate LPV levels through 30 days postpartum. No serious adverse events
were reported.

The addition of a short-course intrapartum/postpartum an-
tiretroviral treatment, such as zidovudine (ZDV)-lamivudine
for 3 or 7 days (4) or single-dose tenofovir-emtricitabine (1),
can reduce the incidence of nonnucleoside reverse transcrip-
tase inhibitor resistance in human immunodeficiency virus
(HIV)-infected pregnant women who receive a single intrapar-
tum dose of nevirapine (SD-NVP) for the prevention of moth-
er-to-child transmission of HIV, but the optimal choice and
duration of such treatment remain unknown.

International Maternal Pediatric Adolescent AIDS Clinical
Trial (IMPAACT) P1032 (NCT00109590; www.clinicaltrials
.gov), conducted in Thailand, is a phase II, three-arm, random-
ized, open-label study investigating the efficacy of three
different short-course intrapartum/postpartum antiretroviral
regimens to reduce the incidence of nevirapine resistance fol-
lowing SD-NVP administration. One of the three regimens is a
triple-drug combination of ZDV, didanosine enteric coated
(ddI-EC), and lopinavir (LPV) coformulated with low-dose
ritonavir (LPV/r) initiated intrapartum and continued for 30
days postpartum.

LPV/r is a potent antiretroviral drug with a short plasma

half-life and a high genetic barrier for the selection of viral
resistance, making it an ideal choice for inclusion in a short-
course intrapartum/postpartum antiretroviral regimen. How-
ever, studies with pregnant U.S. women have shown a signifi-
cant reduction in LPV plasma exposure with standard dosing
(400/100 mg twice daily) during the third trimester (6) and it is
unknown if these changes continue to affect LPV exposure in
the immediate postpartum period. Due to this uncertainty, a
pharmacokinetic (PK) substudy was performed to assess if
standard LPV dosing provides adequate exposure during the
first 30 days postpartum. At the start of the P1032 trial, women
randomized to receive ZDV/ddI-EC plus LPV/r during deliv-
ery and for 30 days postpartum were scheduled for LPV/r PK
assessment postpartum until evaluable PK results were avail-
able for 12 women.

Study subjects received 300 mg ZDV at the onset of labor,
once every 3 h during labor, and then twice daily for 30 days
postpartum and 250 mg ddI-EC (400 mg if their body weight
was �60 kg) once daily and 400/100 mg LPV/r (soft-gel cap-
sules) twice daily at the onset of labor, during labor, and for 30
days postpartum. Within 72 h after delivery, a predose blood
sample was drawn prior to the scheduled LPV/r dose, after
which LPV/r was administered with food and blood samples
were collected at 1, 2, 4, 6, 8, and 12 h after dosing. At day 30
postpartum, sampling was restricted to predose and 2 and 4 h
postdose. Blood samples were centrifuged, and the plasma was
removed, aliquoted, and frozen at �70°C within 1 h of collec-
tion. LPV/r concentrations in plasma were determined in real
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time by a high-performance liquid chromatography assay (2).
PK parameters, including the area under the concentration-
time curve (AUC), the maximum drug concentration in plasma
(Cmax), the time to Cmax (Tmax), and the minimum drug con-
centration in plasma (Cmin), were calculated with WinNonLin
(version 5.2; Pharsight) by noncompartmental methods.

The target LPV AUC was �52 �g � h/ml, the 10th percen-
tile for the LPV AUC in nonpregnant adults (Kaletra Package
Insert, Abbott Laboratories, Abbott Park, IL) (5). If 3 or more
of the first 6 women or 4 or more of the 12 women failed to
meet the target, we would have 95% confidence that the true
rate of PK failure exceeds 10% (i.e., the lower limit of the 90%
confidence interval will exceed 10%). If either of these stop-
ping criteria were met, PK sampling would be repeated with 12

additional women at increased LPV/r doses of 533/133 mg.
Adverse events were graded by using the Division of AIDS
Table for Grading the Severity of Adult and Pediatric Adverse
Events (version 1.0, dated December 2004).

Eighteen women were scheduled for LPV/r PK sampling.
No PK sampling was performed for two women, one of whom
did not receive SD-NVP prior to delivery and the other of
whom immediately discontinued all study drugs after receiving
a drug (methergine) prohibited by the protocol during labor.
Sixteen women completed both LPV/r PK sampling visits, but
evaluable PK results were not available for two women at day
30 postpartum due to suspected poor adherence to the drug
regimen. Two additional women were included beyond the
target enrollment of 12 women because they had already been
scheduled for LPV/r PK assessment when evaluable data on 12
women at both PK time points became available.

At study entry, the 16 women who had LPV/r PK sampling
performed had a median age (range) of 27 (18 to 38) years, an
HIV type 1 RNA viral load of 3,369 (�400 to 61,750) copies/
ml, and a CD4 cell count of 464 (292 to 844)/mm3. Their
median weight was 58 (44 to 84) kg within 72 h after delivery
and 53 (41 to 79) kg at day 30 postpartum.

Intensive PK sampling was started at 47 (22 to 80) h after
LPV/r initiation (during labor) and at 41 (12 to 74) h after
delivery. Individual plasma LPV concentration-time curves are
shown in Fig. 1, and LPV/r PK parameters are presented in
Table 1. All of the women had an LPV AUC above the target
within 72 h postpartum. The median Tmax for both LPV and
RTV was 3.9 h. Ritonavir PK parameters in the immediate
postpartum period were similar to those in HIV-infected
adults at steady state. At day 30 postpartum, predose LPV/r
levels were significantly higher than within 72 h postpartum
(Table 1). No serious adverse events were reported.

FIG. 1. Individual plasma LPV concentration-time curves within
72 h postpartum for 16 HIV-infected Thai women who initiated LPV/r
(400/100 mg twice daily) intrapartum.

TABLE 1. LPV and ritonavir PK parameters and concentrations in serum after initiation of 400 and 100 mg, respectively, intrapartuma

Drug and parameter Within 72 h
postpartum (n � 16)

At day 30
postpartum (n � 14)

Within-subject
geometric mean
72-h/day 30 ratio

(90% CI)f

LPV
AUC0-12 (�g�h/ml) 99.7 (66.3–180.5)
Cmax (�g/ml) 11.17 (8.01–17.52)
Tmax (h) 3.9 (1.9–4.0)
Cpredose (�g/ml) 6.08 (2.34–13.64) 9.17 (5.28–14.97) 0.66 (0.53–0.81)b

C2 h (�g/ml) 10.50 (5.87–17.53) 11.72 (7.42–19.88) 0.85 (0.70–1.04)
C4 h (�g/ml) 10.78 (8.01–16.72) 12.96 (8.78–21.37) 0.81 (0.71–0.94)c

C12 h (�g/ml) 5.18 (1.68–12.54)

Ritonavir
AUC0-12 (�g�h/ml) 4.27 (1.54–7.89)
Cmax (�g/ml) 0.60 (0.33–1.33)
Tmax (h) 3.9 (1.9–4.0)
Cpredose (�g/ml) 0.16 (�0.05–1.33) 0.29 (0.09–0.66) 0.54 (0.39–0.74)d

C2 h (�g/ml) 0.45 (0.14–1.33) 0.61 (0.15–1.45) 0.76 (0.60–0.98)e

C4 h (�g/ml) 0.58 (0.18–1.33) 0.81 (0.21–3.11) 0.68 (0.50–0.93)e

C12 h (�g/ml) 0.10 (�0.05–0.26)

a Reported values are medians and ranges. Cpredose, C2 h, C4 h, and C12 h are the predose and 2-, 4-, and 12-h postdose drug concentrations in serum, respectively.
b Geometric mean significantly lower (P � 0.009, Wilcoxon signed-rank test).
c Geometric mean significantly lower (P � 0.048, Wilcoxon signed-rank test).
d Geometric mean significantly lower (P � 0.038, Wilcoxon signed-rank test).
e Geometric mean significantly lower (P � 0.030, Wilcoxon signed-rank test).
f CI, confidence interval.
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Given the approximately 50% reduction in LPV exposure
during the third trimester compared to that of nonpregnant
women (6), it is perhaps surprising that standard LPV/r dosing
resulted in adequate LPV exposure for all of the women in this
study. However, two factors may account for this difference.
First, two retrospective analyses of therapeutic drug monitor-
ing databases have reported an inverse correlation between
body weight and LPV concentrations (3, 7). Second, the timing
of LPV initiation is different, i.e., antepartum versus intrapar-
tum, and it is unclear how long the physiological changes af-
fecting LPV exposure during pregnancy persist postpartum.
Thus, the lower body weight and the timing of LPV/r treatment
initiation in the study reported here may facilitate higher LPV
concentrations.

To maximize the efficacy of short-course intrapartum/post-
partum antiretroviral treatments to prevent the selection of
nonnucleoside reverse transcriptase inhibitor mutations post-
partum, it is critical that adequate drug concentrations be
rapidly attained and maintained throughout. Standard LPV/r
dosing initiated intrapartum and continued for 30 days post-
partum provided adequate LPV drug exposure in HIV-in-
fected Thai women.
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